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L. INTRODUCTION

Thebgoal of the image analysis progi'am can be stated as the development
of methods to assist the photo interpreter in obtaining more accurate and rehable
.mformatlon from photographic imagery by the. apphcatlon of objective analysis
techniques. Due to the importance of measurement of small-scale objects in the
information extraction' process, emphasis has been plaoed on the use of state;of—
ﬂle;art analysis techniques in making the measurement process more reliable and
accurate. Several new developments have recently become available which hold
.promise of_ increasing the 'accuracy of such small scale measurements. One of
these is the greater range and control of the film duplication process through the
use of low gemma chemistry and improved emulsions. Another is the now pracfical

.vpos’sibili‘_cy"of digital cor.nputer- processing of reasonable amounts of imagery, with
the resui_tant advantages of completely arbitrary transformations and spatial
'filtering techniques ~These techniques will be examined to determine how effectwe

they are in aldmg the small-scale measurement problem.

» The proposed program is divided into three task areas. These are
(1) Mensuratlon Capablhty of Image Processing-Techniques, (2) Film Response

Model, and (3) Technical Management and Planning.
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‘ II TASK 1 -~ MENSURATION CAPABILITY CF
s IMAGE PROCESSING TECHNIQUES
“A.  Introduction

The goal of this task area is the investigation of current techniques in
image processing, and in particular, the application of these techniques to the

mensuration problem.

B. Technical Discussion

B New equipment and techniques ilave made the digital approach to image
processing feasible, whereas, a few years ago it was technically impossible. ‘
In partmular the development of accurate raster scan capability in microdensitometers,
high speed magnetic tape recordmg devices, and much faster computers are the most

important developments.

E This task area is proposed to study the application of current iniag’e process-
ing techniques to the mensuration problem. An image proceséing sy stem for

handling imagery of a resolution well beyond the limit of current operational systems

now exists at This task area is proposed to study the use of 25X1

this system in reducing mensuration error, therefore, it is expected that the full
resources of this task area on the image analysis program can be devoted to the

apphcatlon of the system to thls problem, rather than system development

_The basic image processing systems consists of several elements. These
are reoor"divngv;v,v processing, and output display. It will be useful to examine the
basic elemenfsof the present éystem, and in particular, point out the areas in
which invest;iga-t'ions will be made to improve the dimensional fidelity of small

scale imagery.
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- The recording device is a Mann-Data microanalyzer which operates in
conjunction with a high speed magnetic tape digitizer, with analog to digital
conversion. Raster scan mode is used, with positional accuracy of + 1/4 micron.

. Aperture sizes are available down to less than one micron in diameter.

’ "'“It is’ ?ossible to perform almost any operation upon the data once it is _
in digital form by the use of a high speed digital computer. The system presently
. uses an IBM 360 Model 40 for the computations, with several operations available.
The digital data is put in matrix form by' the computer for ease of manipulation.
The operations fhat can be presently performed are unit conversion by table reference, -
Fourier tfansformation by the Cooley-Tukey algorithm, spatial filtering by any

arbitrary two dimensional function, and inverse Fourier transformation.

Th’e‘ output is acco'mplished by utilizing a half tone technique with a
special printer, which has a grey scale of twenty four steps available. The computer
software routines reqﬁired to accomplish the output are available and have been

tested and utilized in the mapping of potential lunar landing sites.

Ther'pryoposed program for-this task area involves three phases. These

are:
1 ~ Data Collection

Photography made under controlled conditions will be scanned SR

and converted to digital form. It is proposed to use the J2‘5X1

mensuration target fof this purpose, since both fhe size and reflectance levels

of all target objects have been carefully determined in previous programs. The
resolution level will be between 40 and 150 lines/mm, to cover the range of opera-
T

tiohal material. Several selected samples will be recorded, and used as the reference

material in the remainder of the study.
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2. Investigation of N(on—"LiﬁevaI.‘ Obel’éetb.l'S' -

.The use of non—lmear operators m the umt transformatlon w111
be investigated. Th1s ability to use arbltrary Operators is of course the great
advantage of digital image processing, since 1t cannot be accomphshed in any other
manner. Three sets of mensuration data w111 be compa1 ed in this experunent One
set will be the measurements made on the target 1magerv with convent1onal comparator
measurements. The second w111 be the measurements obtained using the conventmnal
sensitometric curve as the unit conversion functlon. _Th1s is simply using the effectlve
exposure concept as cohversion from den'sitjr fo exposure values. The third set |
will utilize the mathematical 'm_o.de‘l' develo.ped from the fitm responsestudy as a
method of obtaining the. input—outbut relattonsllips between incident eXposure and
resultant density. -If the work done on the effectne exposure study is valid, this
last method should provide the most accurate answers. The actual model used
will not necessarily be e\act bUL will mvolve the add1t1on of a second order non- hnear
term to the conventmnal effectlve exposure ‘model. The addltlon of th1s term w111
probably be adequate to handle the most S1gn1f1cant non -linear effects. Prev1ous "
work has shown that large percentage of the non- 11near1ty can be accounted for by '

the addition of second order functlons to the model

The measurement of the orocessed 1mages is relatively 51mp1e because
of the large scale factors involved from 1nput to putput. The real questlon 1s
the minimization or reduct1on of the errors due to the ohotographm process that

can be accomplished by image processmg_. '

3. Application of Linear Filtersto the Mensuration Problem -

This phase of the program Will study the usefulness of Weiner

f11termcr to minimize the effpcts of the graln noise of the film and the 1mage §

degradation caused by the taking system m the mensuratmn error problem The Weiner:
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) vfil'ter ié based on the.concélst of devbeloping a filter that yields the minimum mean
square error over the total sigrial of interest. Detailed measurement of the photo-
‘graphic brnoiée environment has been performed for conventional operational materials,
and this data is available for direct use, without a separate experimental program.
Routiné procédures ‘and computer software for determining the transfer function
of photographic system are available, and can be applied to desired situations with

a minimum of effort.

“The last year has seen development of the fast Fourier transform (Cooley-
Tukey algorithm) technique, which allows frequency plane treatment of digital
data at a rate related to the logarithm of thé array length rather than a rate propor-
tional to the square of the bairray size. This hé.s made two-dimensional frequency |
plane opei‘ations economically feasible in terms of computational time. - The fast
Fourier transform procedure has been_ implemented as part of the over-all image

'processin.g_ system.

. One thing is certain in regard to the use of inverse filtering techniques,
and that is thé increase in sharpness of édges thatis produced. Since photo-
graphic measufements of interest are generally made from one edge to another of :
the object.beibng' kmeasured, the region of uncertainity about the selection of the o
point on th.e'edgé from which the measurement is made will be greatly reduced.
Another way of saying this is that there will be little doubt about the selection ’
of the starting and stopping points when the measuremént is pérformed on the
_ proce‘ssed image. This increased sharpness has been shown by some preliminary |
work done with the lunar orbiter photography. - However, the real question of
interest in this program is whether the sharpened edges appear at the correct
‘location, and if not, how much is the error reduced by image processing as
cofpbared with convéntional measurement techniques? This program should

provide the answers to these questions.
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‘In summary, it is apparent that a s1zeab1e technology now ex1sts for 1mage
processing. The main requu‘ement at tms tlme 1s that of experlmental 1nvest1crat10n
“to determme the. potentlal beneflts to be derlved from usmg it as an operatlonal tool

in 1ncreas1n<y the amount and rehab1hty of the mformatlon extracted from the avallable

imagery.
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Il  TASK 2

"FILM RESPONSE MODEL -
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III. TASK 2 - FILM RESPONSE MODEL

AL . Introd'uctioni

" The objective of this task area is to develbp an operational model of film

response characteristics which takes the important non-linearities into account.

B. Technical Discussion

Befqre discussion of the approach to this problem, it will be useful to
examine ‘_the application of such a film model. Obviously, the photointerpreter
cannot use the model directly in his work. However, what is being considered
hére is basically developing a description of the input-output relationships in
photographic systeins, that is, relating the resultant density distributions on a

piece of film to the luminance variations of the original scene.

3To the_systeni engineer, such a ﬁodel would certainly be useful, since
he is evaluating how well a photographic system records the informa;cion pr_'esented
to 1t ‘n the_'bast, the effective éxposure concept has been used, but has been .
shown to be érroneous. With fhe improvement in both systems and measgrement
techniques, fﬁrther progresé is sufferin‘g from the restrictions of this strictly
linear approach. Also, any analysis teéhnique for handling real problems must
eventually rela_té back to the input distribution in terms of exposure. Therefore,
any analysis teéhnique which is to prove useful must eventually attack this

problem of the non-linearity of the photographic process.

Previous work has definitely established that the effective exposure
concept as originally hypothesized is in error, as shown by the harmonic distortion
terms generated. During the past year, work has been done in establishing limits

on this problem; and developing a better quantitative measure of the actual errors

that are present when effective exposure is used.-
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The approach to be taken in this program is to assume that effective

: eXpOSure is a non-linear function of input exposure, where the non-linear function

can be represented as a linear convolution plus a quadratic convolution. -These

two opefators will have the same form as the first two terms of a Volteria-Wiener

“functional series expansion.

Functional series are very general methods for the representation of

non—lmear systems. However, in the present' state of these methods, practical

- limitations exist, in that if the non- ~linearities in a system are too violent, the

number of terms required for a good approximation becomes very large. Previous

Vwork has Shewn. that this is not the case with photographic systems, since they
-are essentially band limited types of systems. This is the reason for choosing
~only a quadratic term in addit_ion'.(or the conventional linear convolution. It is
- quite propable that the addition of this term will provide a model adequate enough

for all current problems of interest.

The ectual program to be executed ﬂvill have es its goal the determination '
of the second ofder kernal of the series expansion for 3404 original material.
Current nlatherpatical methods are such that the remaining step in the problem
ie expe]rimelltafien to determine this function. The end result will be an explicit

input-output relationship, which can be implemented and tested.

The derived model will be implemented and tested using controlled
_photography, and of the reduction in error by using this technique as compared to
the linear approach will be determined. The end result of this program will be
an operational tool which can be utilized in system analysis and other situations
in which it is required to obtain an accurate description of the input stimulus which

produced an image.
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v TASK 3

. - TECHNICAL MANAGEMENT AND PLANNING
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~ IV. TASK3 - TECHNICAL MANAGEMENT
| AND PLANNING

A certain number of hours must be devoted to technical management
and planning. This will include technical coordination, technical meetings/ and

reviews, and compliance with major reporting requirements.
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Work Statement

Mill provide the necessary facilities and personnel to 25X1
perform the following tasks: ' ’ |

Task No. 1 A
Investigation of methods of automatic correction of Mensuration errors

produced by photographic effects. The usefulness of the following will be

evaluated:
(a) Nonlinear operators
(b) Linear filters _
(c) " Wiener filters to minimize noise.

Data will be collected with the microdensitometer using previously generated
test photography as sample material. '

~ Task No. 2
Investigation of second order functionals to account for the impértanf
nonlinear effects in photographic film.  This study will utilize existing
mathematical approaches, and will assess the applicability of such to the
Aphotographié situation.‘ All efforts will be directed toward the development

.of a pragmatic solution to this problem.

Task No. 3

‘ ‘will provide support to the total program as required by 25X1
| | _ o 25X1
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